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THE INTERNATIONAL METRIC SYSTEM OF WEIGHTS 
AND MEASURES. 



INTRODUCTION. 

The following was prepared to answer some of the more simple 
questions addressed to the Bureau of Standards in regard to the 
metric system of weights and measures and its use. 

The essential features of the system were embodied in a report 
made to the French National Assembly by the Academy of Sciences 
in 1791. A number of other nations were invited to cooperate with 
France in establishing the new system, and Holland, Denmark, 
Switzerland, Spain, and several minor States were represented on 
an international commission which met in Paris in 1799 to accept 
the metric standards constructed under the direction of the French 
Institute. 

Although the metric system very soon attracted the favorable 
attention of other nations, it was not until forty years later that its 
use became general in France. Since 1840, however, its use has 
rapidly spread until at the present time it is either obligatory or 
permissive in every civilized country in the world. Its use was 
made " lawful throughout the United States " by act of Congress in 
1866, and at the same time provision was made to supply every 
State in. the Union with a set of metric weights and measures. 

No organized effort had been made up to this time to supply the 
different countries with authentic copies of the metric prototypes 
which were preserved in the archives of France. In order to meet 
the demand for accurate standards whose relation to one another 
would be known with the highest precision, metric conventions 
were held in Paris in 1870 and 1872, which were attended by offi- 
cial delegates from about thirty countries. At these conferences 
committees were appointed to investigate the best form and material 
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for the proposed new standards. In 1875 a treaty was signed at 
Paris by seventeen of the principal nations of the world, the United 
States being among the number, which provided for the permanent 
organization of an International Bureau of Weights and Measures 
under the direction of an International Committee. The most 
important work of the International Committee was to provide for 
the construction of a sufficient number of platinum-iridium meters 
and kilograms to meet the demand of the interested nations. The 
comparison of all these standards with one another and with the 
original meter and kilogram was made at the International Bureau 
which had been established near Paris on neutral territory ceded to 
the International Committee by the French Government. 

This work was completed in 1889, and after selecting a certain 
meter and a certain kilogram as the international prototypes, the 
others were distributed by lot to the different countries. The inter- 
national meter and kilogram ° have values identical with the original 
meter and kilogram, are preserved in a special underground vault 
at the International Bureau, and are accessible only to the Inter- 
national Committee. The United States secured two meters and 
two kilograms, which are now preserved at the Bureau of Standards 
at Washington and serve as the fundamental standards of length 
and mass of the United States. It is the plan of the International 
Committee to intercompare all the national meters and kilograms 
with the international prototypes at regular intervals or whenever 
considered necessary. 

At the present time the International Bureau of Weights and 
Measures is supported jointly by the following countries: The 
United States, Great Britain, Germany, Russia, France, Austria- 
Hungary, Belgium, Argentine Confederation, Spain, Italy, Mexico, 
Peru, Portugal, Roumania, Servia, Sweden, Norway, Switzerland, 
Venezuela, Japan, and Denmark. 

The advantages claimed for the metric system are: 

(1) The decimal relation between the units. 

(2) The extremely simple relation of the units of length, area, 
volume, and weight to one another. 

(3) The uniform and self-defining names of units. 

» The original meter and kilogram ' ' of the Archives ' ' were adopted as standard 
in 1799. 
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SYNOPSIS OF THE SYSTEM. 

The fundamental unit of the metric system is the meter — the 
unit of length. From this the units of capacity (liter) and of 
weight (gram) were derived. All other units are the decimal sub- 
divisions or multiples of these. These three units are simply 
related; e. g., for all practical purposes one cubic decimeter 
equals one liter and one liter of water weighs one kilogram. 
The metric tables are formed by combining the words "meter," 
"gram," and "liter" with the six numerical prefixes, as in the 
following tables: 



PREFIXES MEANING 




UNITS 


milli- 
ceati- 


= one thousandth 
= one hundredth 


1000 
Too" 


.001 
.01 


"meter" for length. 


deci- 


= one tenth 


1 


.1 




Unit 


= one 




1 


"gram" for weight or 
mass. 


deka- 


= ten 


10 


10 




hecto- 
kilo- 


= one hundred 
= one thousand 


lol L 
1000 


100 

1000 


"liter" for capacity. 



UNITS OF LENGTH. 

millimeter = .001 meter, 

centi-meter = .01 

deci-meter = .1 

METER = 1 

deka meter — 10 

hecto-meter — 100 

kilo-meter — 1,000 

Where miles are used in England and the United States for 
measuring distances, the kilometer (1,000 meters) is used in metric 
countries. The kilometer is about 5 furlongs. There are about 
1,600 meters in a statute mile, 20 meters in a chain, and 5 meters 
in a rod. 

One meter equals 39.37 inches exactly. 
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The meter is used for dry goods, merchandise, engineering con- 
struction, building, and other purposes where the yard and foot are 
used. The meter is about a tenth longer than the yard. 

The centimeter and millimeter are used instead of the inch and its 
fractions in machine construction and similar work. The centi- 
meter, as its name show%, is the hundredth of a meter. It is used 
in cabinet work, in expressing sizes of paper, books, and many cases 
where the inch is used. The centimeter is about two-fifths of an 
inch and the millimeter about one twenty-fifth of an inch. The 
millimeter is divided for finer work into tenths, hundredths, and 
thousandths. 

|lili|iilijliil|iiii|iil[|liH|liliilili|iiim 
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Fig. 1. Comparison Scale: 10 Centimeters and 4 Inches. (Actual Size.) 

If a number of distances in millimeters, meters, and kilometers are 
to be added, reduction is unnecessary. They are added as dollars, 
dimes, and cents are now added. For example, " 1,050.25 meters" 
is not read " 1 kilometer; 5 dekameters, 2 decimeters, and 5 centi- 
meters," but "one thousand and fifty meters, twenty-five centi- 
meters," just as " $1,050.25 " is read " one thousand and fifty dollars, 
twenty-five cents." 

AREA. 

The table of areas is formed by squaring the length measures, 
as in our common system. For land measure 10 meters square is 
called an "are" (meaning "area"). The side of one are is 
about a feet. The hectare is 100 meters square, and, as its name 
indicates, is 100 ares, or about 2% acres. An acre is about 0.4 
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hectare. A standard United States quarter section contains almost 
exactly 64 hectares. A square kilometer contains 100 hectares. 

For smaller measures of surface the square meter is used. The 

square meter is about 20 per cent larger than the square yard. For 

still smaller surfaces the square centimeter is used. A square inch 

contains about 6% square centimeters. 

VOLUME. 

The cubic measures are the cubes of the linear units. The cubic 
meter (sometimes called the stere, meaning "solid") is the unit of 



ONE CUBIC 
DECIMETER 

ONE LITER 

UNIT OF CAPACITY 

ONE KILOGRAM 

OF WATER 



Fie. 2. Cubic Decimei 
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volume. A cubic meter of water weighs a metric ton and is equal 
to i kiloliter. The cubic meter is used in place of the cubic yard 
and is about 30 per cent larger. This is used for "cuts and fills" 
in grading land, measuring timber, expressing contents of tanks and 
reservoirs, flow of rivers, dimensions of stone, tonnage of ships, and 
other places where the cubic yard and foot are used. The thousandth 
part of the cubic meter (1 cubic decimeter) is called the liter. (See 
table of capacity units.) 

For very small, volumes the cubic centimeter (cc or cms) is used. 
This volume of water weighs a gram, which is the unit of weight or 
mass. There are about 16 cubic centimeters in a cubic inch. The 
cubic centimeter is the unit of volume used by chemists as well as 
in pharmacy, medicine, surgery, and other technical work. One 
thousand cubic centimeters make 1 liter. 



UNITS OP CAPACITY. 


milli-liter = 


.001 liter 


centi-liter = 


, .01 " 


decl-liter — 


.1 " 


LITER" = 


1 " 


deka-liter — 


10 " 


hecto-liter = 


100 " 


kilo-liter = 


1,000 " 



The hectoliter (100 liters) serves the same purposes as the United 
States bushel (2,150.4a cubic inches), and is equal to about 3 bushels, 
or a barrel. A peck is about 9 liters. The liter is used for meas- 
urements commonly given in the gallon, the liquid and dry quarts^ 
a liter being 5 per cent larger than our liquid quart and 10 per cent 
smaller than the dry quart. A liter of water weighs exactly a 
kilogram, i. e., i,ooo grams. A thousand liters of water weigh 1 
metric ton. 

UNITS OF WEIGHT {OR MASS). 



mull-gram = 


0.001 


gram 


centi-gram = 


.01 




' 


deci-gram — 


.1 




' 


GRAM = 


1 




' 


deka-gram = 


10 




' 


hecto-gram = 


100 




1 


kilo-gram * = 


1,000 




' 



"One liter equals 1.05668 liquid quarts or 0.9081 dry quarts. 
'■One kilogram equals 2.204622 avoirdupois jtounds. 



DRY QUART 



LIQUID QUART 



FIB. 3 

COMpa Hison op the DRY QUART. LITER. 

A W LIQUID QUART. (ACTUAL SIZE.) 
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Measurements commonly expressed in gross tons or short tons are 
stated in metric tons (1,000 kilograms). The metric ton comes 
between our long and short tons and serves the purpose of both. 



Fig. 4. Relative Size of 2-Pound and 1-Kilogram (Brass) Weights. (Actual Size.) 

The kilogram and "half kilo" serve for everyday trade, the latter 
being 10 per cent larger than the pound. The kilogram is approx- 
imately 2.2 pounds. The gram and its multiples and divisions are 



5 

Fia. 6. Relative Size of 



(Actual Size.) 



used for the same purposes as ounces, pennyweights, drams, scruples, 
and grains. For foreign postage, 30 grams is the legal equivalent of 
the avoirdupois ounce. 



STATUS OF THE INTERNATIONAL METRIC SYSTEM IN 
THE UNITED STATES. 



" The Congress shall have power to * * * fix the standard 
of weights and measures." (Constitution of the United States.) 

TEE METRIC SYSTEM LEGALIZED. 

" It shall be lawful throughout the United States of America to 
employ the weights and measures of the metric system." (Revised 
Statutes of the United States, sec. 3569, 1866.) 

THE METRIC STANDARDS ADOPTED AS FUNDAMENTAL. 

" The office of weights and measures * * * will in the future 
regard the international prototype 'meter and kilogram as funda- 
mental standards, in accordance with the act of July 28, 1866." 
(Order approved by the Secretary of the Treasury, April 5, 1893.) 

FOREIGN POSTAL RATES BASED OB METRIC WEIGHTS. 

" The Postmaster-General shall furnish to the post-offices exchang- 
ing mails with foreign countries, and to such other offices as he may 
deem expedient, postal balances denominated in grams of the metric 
system, fifteen grams of which shall be the equivalent for postal 
purposes, of one-half ounce avoirdupois, and so on in progression." 
(Revised Statutes of the United States, sec. 3880.) 

METRIC WEIGHTS USED IN THE COINAGE. 

" The weight of the half-dollar shall be twelve grams and one-half 
of a gram; the quarter-dollar and the dime shall be, respectively, 
one-half and one-fifth of the weight of said half-dollar." {Revised 
Statutes of the United States, sec. 3513.) 



"Be it resolved by the Senate and House of Representatives of the 
United States of America in Congress assembled, That the Secretary 
of the Treasury be, and he is hereby, authorized and directed to furnish 
to each State, to be delivered to the governor thereof, one set of the 
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standard weights and measures of the metric system for the use of 
the States, respectively." (Joint resolution of Congress approved 
July 27, 1866.) 

UNITED STATES JOINS IN ESTABLISHING INTERNATIONAL BUREAU. 

"The high contracting parties engage to establish and maintain, 
at their common expense, a scientific and permanent international 
bureau" of weights and measures, the location of which shall be at 
Paris." (Extract from convention of 1875, signed for the United 
States by the United States ambassador to France.) 

-CONGRESS ADOPTS THE METRIC UNITS FOR ELECTRICAL MEASURES. 

It was enacted by the Senate and House of Representatives that 
the international electrical units based on the metric system " shall 
be the, legal units of electrical measure in the United States." 
(Revised Statutes of the United States, Supplement, vol. 2, chap. 
131, 1894.) 



"The metric system of weights and measures shall hereafter be 
employed in the Medical Department of the Navy." (Order approved 
by the Secretary of the Navy, April 15, 1878.) 

METRIC SYSTEM REQUIRED IN MEDICAL WORK OF WAR DEPARTMENT. 

" All requisitions, invoices, receipts and returns, pertaining to 
medical supplies will be in accordance with the metric system of 
weights and measures. After the 30th day of June, 1894, the use of 
this system in writing official prescriptions is desired; on and after 
the 1st day of January, 1895, such use is hereby ordered." (Order 
approved by Secretary of War April 13, 1894.) 

METRIC SYSTEM MADE OBLIGATORY IN PORTO RICO. 

" I. The use of the metrical system of weights and measures and 
its nomenclature are obligatory. 
"2. Its use is enforced in all transactions, sales, contracts. * * * 
" 3. Wholesale and retail mercantile establishments shall sell their 
goods to the public conformably to the metric system." (Proclama- 
tion of military governor, March 18, 1899, Department of Porto 
Rico.) 

■ This bureau has the custody of the international standards of the metric system, 
to which all metric prototypes of the world are referred for verification. It was 
established and is maintained jointly by all the principal governments of the world. 
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METRIC SYSTEM MADE THE LEGAL SYSTEM IN THE PHILIPPINE ISLANDS. 

" The metrical system of weights and measures as authorized by 
sections 3569 and 3570 of the Revised Statutes of the United States 
and at present in use in the Philippine Islands shall be continued." 
(Act No. 230, September 17, 1901, sec. 9, Philippine Tariff.) 



" Officers shall, for all official, medical, and pharmacal purposes, 
make use of the metric system of weights and measures. In express- 
ing quantities by weight the terms of ' gram ' and ' centigram,' and 
in expressing quantity by measure the term ' cubic-centimeter,' only 
shall be employed." (Regulation promulgated by the President 
November 21, 1902.) 
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COMPARISON OF METRIC AND CUSTOMARY UNITS FROM 1 TO 1 

LENQTH. 



»•»•■■ JSL 


Inches. 


Centi- 


,«. «,«„. 


yYrts. Mete™. 


U.S. Kilo- 
miles, meters. 


0.11811 = 3 
0.15748 - 4 


°oMl : 


2 

a. 54001 

3 


2 = oiloo&o 

3 — 0.914403 
3.280S3 = 1 


2 - 1.818804 
2,187221 = 2 


°- 6lI 37 = 1 

1 - 1-60935 

I:!^" = 3 


0. 10685 - » 
0.236" = 6 

o.7,lt ~ 8 




5 

7 


s - i! 5»*»; 

6.56.67 - 2 
7 . = 2.135604 


3 - 2743=05 
3.280833 = 3 

4 = 3.65760J 

■ - 4.572009 


2 - 3-21869 
2.48548 = 4 


2 Z 50'. 8001 

3 - 76.2002 


3 

3. =496 - 


8 2 °° i 


8 = 2.438405 
^ 9.84250 I 3 433>5 


5. 468056 - 5 

6 - 5.486411 

6.561667 = 6 oogj 


4 - 6.43739 
4:9709? - ■ 


a - 127.0003 

6 = 15:1.4003 

7 - 177-8004 

9 = 218.6005 


i i 


12.70003 
17.' 78004 

«:s&iot 


16.40417 =1 5 
16:24667 - 8 


7.655178 - 7 

8 - 7.315215 

8.748889 = 8 


6 - 9.6560S 

8 -Waffi 

9 - 14.48411 



»"•" SS" 


iuche" ^JJjjJg 




Square Square 


=• S 


i:S: ! 

0.01140 = 8 
0.01395 - 9 
1 - 645-16 

4 :i:II 

1 z ^if 

8 =5,161:30 

9 - 5,806.46 


0.7750 - S 

IX: |» 

1.2400 = 8 
1.3950 - 9 

i ill 

8 = 51.613 

9 = 58.065 


1 E ig 
1 ::BE! 

10.764.- 1 

3[. S 38 -, 2 

■ ; '-'^ "" J 

53-819 = 3 
64.5B3 - 6 


1 - 0. 8361 
1.1960 =1 

1 20 " a 67 * 3 

3 = 2.5084 
3.5880 -3 

4 31445 
4.7839 - 4 

5-9799 - S 

6 - 5.0168 

7 - S.8529 
7.1759 - 

8 =6.6890 
9 s " 9 ~ 7.5^2 
95679 - 8 

10.7639 = *» 


JiS: 1 

1 =1.5900 

1. Ij83 - 3 

i- asm = s 

2.7017 - 7 

3.0888= 8'"™ 
3.4749= 9 

5 - 11.9500 

6 = 15.5400 

7 =18.1300 

8 - 20.7200 


VOLUME. 


„„— N . 


Cubic Cubic 
inches, millimeters 


Cubic Cubic cen- 


ieet Q meters. 


Cubic Cubic 
yards. meters. 


a™. „.«.„, 


0:000183 = 3 
0.000305 - S 

tig: I 

0:000549 - 9 

1 - as; 

J : &i 

5 = 81,935.8 

6 - 98.3*30 

7 = 114,710.1 

8 = 131,097.3 

9 => 147,484.5 


0.0610 - 1 
0: 1831 - 3 

HE: I 

1 = J6.387. 

5 i III 
1 : ii 


S ESS 

4 - 0,11327 

1 io:3l 

s =£3Se 

176.572 - 3 
211.887 - * 


1 =0.7646 

1.6159 - 2 

3 - 2.2937 
3.9238 -3 

5-2318 = 4 

6 = 4.5874 
6.5397 - 8 
7 ' - 5.3519 
7.8477 - 

8 =6. 1165 

9.1556 = 7 

:?;!:? 


2 - oioooj 

a Z 1.114, 

4-942 = 2 

! = £3, 

7 - 1.8328 

7-413 - 3 

8 = 3.1375 

;iis:| 

19:768 = 8 
22. 239 - 9 
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15 
TO 10— Cont'd. 



Milli- u. s. 
liters. liquid 
(cc) ounces. 


MiiH- u - s ' 


a^o'the- JJjJ!*; 


U.S. 
liquid Liters. 


U.S. 

liquid Liters, 
gallons. 


2 = oioSfe 

6 = °' l6 a8a 

7 =0:23670 
9 = o! 30431 
19.574 = 1 

Il8!i95 - 4 

147.869 - s 
177.442-6 

Ik -5 


2 - o'.SlO 

3 = 0.8115 
3.6967 = 1 

! :;■§ 

7 = ilsjas 
9 - 2:4346 

£789 = 5 

18.4S36 - a 

22. 1803 = 6 
15.6770 = 7 
29. 5737 = | 


2 =3,4645 

1.4346 = 3 

3 - 3-6967 
3.3461 = 4 

4 = 4-9190 

4.8693 = 6 
5.6607 = 7 

7' = 8.6357 
8 = 9.8579 


i 
3 

! 
7 

1 

9 


= 1.89272 
11336 = 2 

= 3.83908 

= 3-78543 
12673 = 4 

= 4-73179 
28341 = 5 

= 567815 
34009 = | 

39677 -7 

= 7-57088 


0.26417 = 1 
0.51834 = 2 
0.7925' = 3 

1 = 3-76543 

1:31085 = a 

!:£ei9~ 7 

2 = 7,57087 

1.11336= 8 
2-37753 = 9 

3 = n.35630 

5 = 18.92717 

6 = 22.71261 

7 - 16.49604 

S :£SK 




&L "*«* 


as && 


bushels. liters. 


bushels liters per 


O.9081 = 1 

1.8162 =3 

2 = 2.2025 

3 = 3-3037 
3,6313 =4 

4.5404 = s 
8 = 5-5061 
5.4485 = * 
6.3565 - 7 M 

7 =7.7086 
7. 3646 = 8 

8 - 8.6096 

9 - 9.9"o 


°:33^3 = 2 
0.45404 = 4 

1 - 6.80983 

,.03157 =9 

f - 17- 61964 

3 = 36.42946 

1 :1I:S 

8 = 70.47856 

9 = 79.18838 


0.8810 = 1 
1.7620 - a 1351 

1.6419 = 3 

It = I™ 

8 = fi-6755 
5.1859 = & 

6. 1669 - 7' 

7:9268 = 9 

9 = lo^TO 


1 - 0.35139 

2 = 0.70479 
2.83774 - 1 

3 = 1.05718 

4 = 1.40957 

5 - 1,76196 
5.67548 = 2 

= 2.11436 

7 = 3.46675 

8 = 1.81914 

9 =3.17154 

14-18871 =S 

22:70™ =8 
15. 53968 = 9 


1.14840 = 1 
1.19680 =3 

J-445'9 = 3 
4-59359 = 4 

6.89039 = ( 

8 =6 
8. 03879 = 3 

9.18719 "i 

10.33558 = 9 


74156 
48311 

09545 

96621 
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8. 03769 = 3 
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